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VFLHQWLVWV WRH[SORUHPLQXWH LQWULFDFLHVRI LWV VWUXFWXUHSURSHUW\FRUUHODWLRQ6LJQLILFDQW SURJUHVVKDVEHHQPDGH LQ
WKLVGLUHFWLRQKRZHYHUDFRPSOHWHXQGHUVWDQGLQJUHJDUGLQJWKHLQIOXHQFHRIPLFURVWUXFWXUHRQERQHELRPHFKDQLFVDW
GLIIHUHQWOHYHOVLV\HWWRHPHUJH$YDVWPDMRULW\RIUHVHDUFKSDSHUVIRFXVHGPDLQO\RQPDFURVFRSLFEHKDYLRURIERQH
DQG UHSRUWHG WKH DQLVRWURS\ RI FRUWLFDO ERQH OLNH 1DOOD HW DO +RF HW DO $XJDW DQG 6FKRUOHPPHU
8UDODQG9DVKLVKW9DULDWLRQRIPHFKDQLFDOSURSHUWLHVDVDIXQFWLRQRISK\VLFDOSURSHUWLHVOLNHGHQVLW\
DQG SRURVLW\ PRLVWXUH FRQWHQW PLQHUDO FRQWHQW DJH SUHVHUYDWLRQ WHFKQLTXH HWF LV ZHOO GRFXPHQWHG E\ &XUUH\
DQGSUHYLRXVO\PHQWLRQHGDXWKRUVDVZHOO%XWFRPSDUDWLYHO\OHVVQXPEHURISDSHUVKDYHHPSKDVL]HGRQWKH
PLFURVFRSLFRUQDQRVFDOHEHKDYLRU 2QO\LQUHFHQWSDVWWKHVWUXFWXUHSURSHUW\UHODWLRQVKLSLQWKHVHPLFURQDQGVXE
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@,WHYROYHGIURPFRQYHQWLRQDO9LFNHU¶VKDUGQHVVWHVWLQJDQGDOORZV
IRUPHDVXUHPHQWRI PHFKDQLFDOSURSHUWLHVDWPLFURRUQDQRPHWHUVFDOH$GHWDLOHGUHYLHZRI WKHSDSHUVSXEOLVKHG
DIWHU WKH DGYHQW RI QDQRLQGHQWDWLRQ WHFKQLTXH DQG 2OLYHU3KDUU¶V SURSRVLWLRQ UHYHDOV WKDW HODVWLF PRGXOXV DQG
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DO  5KR HW DO  =\VVHW HW DO  +HQJVEHUJHU @2WKHU IHDWXUHV DVVRFLDWHGZLWKPLFUR RU
QDQRLQGHQWDWLRQ DUH FRPSDUDWLYHO\ OHVV UHSRUWHG EXW FDQSURYLGH LPSRUWDQW LQIRUPDWLRQ DERXW VXFK D VWUXFWXUDOO\
KHWHURJHQHRXVPDWHULDO
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LQIRUPDWLRQ DERXW SODVWLF IORZRIPDWHULDO RU µSLOH XS¶ DIWHU DSSOLFDWLRQRI ORDG 7KXV WKHNQRZOHGJHRI ORFDOL]HG
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UHFRYHU\RIWKH VL]HRIWKHLQGHQWDWLRQLPSUHVVLRQZLWKWLPHWRXFKHGXSRQWKLVVRIDUXQH[SORUHGGRPDLQ DVSRLQWHG
RXWE\ <LQHWDO 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7KRXJK IRUPDWLRQRIFUDFNVDIWHU LQGHQWDWLRQZDVUHSRUWHG E\ <LQHWDO 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VWXG\RIWKHLQGHQWDWLRQFUDFNJHRPHWU\DQGVXEVXUIDFHSURILOHLVVWLOOQRWDWWHPSWHG
7KHSUHVHQWVWXG\IRFXVHGRQGHWDLOHGPLFURDQGQDQRLQGHQWDWLRQEHKDYLRURIKXPDQFRUWLFDOERQHDQGWULHGWR
RXWOLQHWKHSKHQRPHQRQOLNHLQGHQWDWLRQVL]HHIIHFWYLVFRHODVWLFUHFRYHU\RILQGHQWDWLRQDQGDVVRFLDWHGDQLVRWURS\
SODVWLFLW\SDUDPHWHUYLVjYLVVFRSHRILQGHQWDWLRQSLOHXSDQGLQGHQWDWLRQFUDFNJHRPHWU\ 7DEOHV
$OO WDEOHV VKRXOG EH QXPEHUHGZLWK$UDELF QXPHUDOV (YHU\ WDEOH VKRXOG KDYH D FDSWLRQ +HDGLQJV VKRXOG EH
SODFHG DERYH WDEOHV OHIW MXVWLILHG2QO\KRUL]RQWDO OLQHV VKRXOGEHXVHGZLWKLQ D WDEOH WRGLVWLQJXLVK WKH FROXPQ
KHDGLQJVIURPWKHERG\RIWKHWDEOHDQGLPPHGLDWHO\DERYHDQGEHORZWKHWDEOH7DEOHVPXVWEHHPEHGGHGLQWRWKH
WH[WDQGQRWVXSSOLHGVHSDUDWHO\%HORZLVDQH[DPSOHZKLFK WKH DXWKRUVPD\ILQGXVHIXO
 ([SHULPHQWDO0HWKRGRORJ\
 6DPSOHSUHSDUDWLRQ
)HPXUVIURPKXPDQFDGDYHUVZHUHFROOHFWHGZLWKWKHVRIWWLVVXHVDOUHDG\UHPRYHGIURPWKHVXUIDFH7KH\ZHUH
SUHVHUYHGLQDUHIULJHUDWRUDW R&7KHVHIHPXUVZHUHWKHQVRDNHGLQDOLJKWOLTXLGGHWHUJHQWDQGPDQXDOO\FOHDQHG
ZLWKDVRIWEUXVK7KHERQHPDUURZDQGRWKHUVRIWWLVVXHVLQVLGHWKHKROORZF\OLQGULFDOFRUWLFDOSDUWZHUHUHPRYHG
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ZLWKZDWHU MHWDQGDEUXVK7KLVDOVRUHPRYHGDQ\UHVLGXDODEUDVLYHVIURPFXWWLQJ7UDQVYHUVH VHFWLRQVDPSOHVRI
PPWKLFNQHVVZHUHFXWIRUPLFURLQGHQWDWLRQWHVWVXVLQJDORZVSHHGGLDPRQGVDZ7KHVKDIWRIWKHIHPXUZDV
VHFWLRQHGLQWRQXPEHURISLHFHVWRREWDLQKROORZF\OLQGULFDOSLHFHV$IWHUJHWWLQJWKHF\OLQGULFDOSLHFHVWKH\ZHUH
SROLVKHG XVLQJ PHWDOORJUDSKLF SROLVKLQJ WHFKQLTXHV )RU GRLQJ LQGHQWDWLRQ VWXG\ LQ ORQJLWXGLQDO GLUHFWLRQ WKHVH
F\OLQGULFDO VDPSOHV ZHUH XVHG %XW IRU WUDQVYHUVH GLUHFWLRQ DQG IRU QDQRLQGHQWDWLRQ VPDOOHU UHFWDQJXODU SLHFHV
KDYLQJGLPHQVLRQV[[PPZHUHFXWZLWKRSSRVLWHVXUIDFHVIODWDQGSDUDOOHODVVKRZQLQILJXUH7KHSROLVKLQJ
ZDVGRQHXVLQJGLIIHUHQWJULWVLQWKHSROLVKLQJPDFKLQH/(&26SHFWUXP6\VWHP86$$ILQDOSROLVKLQJZDV
GRQHRQWKHLPSHULDOFORWKXVLQJDPLFURQGLDPRQGSDVWHWLOO WKHODPHOODH ZHUHYLVLEOHXQGHURSWLFDOPLFURVFRSH
DQGWKHFHQWUHOLQHDYHUDJH>&/$5D@YDOXHVKRZLQJLQ7DOO\VXUI3URILORPHWHUUHDFKHGPLFURQ
)LJ  6FKHPDWLFGLDJUDPRIVDPSOHSUHSDUDWLRQIURPGLDSK\VLVRIKXPDQIHPXU
 9LFNHU¶V,QGHQWDWLRQWHVWLQJ
7KHPDFURKDUGQHVVWHVWRIWKHSROLVKHGVDPSOHVZDVGRQHXVLQJ9LFNHU¶V+DUGQHVVWHVWLQJPDFKLQH/9$7
/(&286$7KH ORDGVDSSOLHGGXULQJ WKH LQGHQWDWLRQZHUHNJINJIDQGNJI1XPEHURI LQGHQWDWLRQVZDV
PDGHIRUHDFKORDGRQHDFKVDPSOH%RWKWUDQVYHUVHDQGORQJLWXGLQDOGLUHFWLRQVZHUHFRQVLGHUHGDQGDGLVWDQFHRIDW
OHDVW WKULFH WKH LPSUHVVLRQ GLDJRQDOV ZHUH PDLQWDLQHG EHWZHHQ WZR FRQVHFXWLYH LQGHQWV WR DYRLG LQWHUDFWLRQV
EHWZHHQ LQGHQWDWLRQV/DPHOODDQG LQWHUVWLWLDO UHJLRQVZHUHVHSDUDWHO\ LQGHQWHGDWHDFK ORDG7KHGLDJRQDOVRI WKH
LPSUHVVLRQZHUHPHDVXUHGLPPHGLDWHO\DIWHULQGHQWDWLRQWRREWDLQWKHKDUGQHVVYDOXHV7ZRRWKHUVHWVRIUHDGLQJV
ZHUH WDNHQ IURP WKH VDPH LPSUHVVLRQV DIWHU  PLQXWHV DQG  PLQXWHV UHVSHFWLYHO\ WR REVHUYH DQ\ SRVVLEOH
YLVFRHODVWLF HIIHFW 7KH LQGHQWHG VDPSOHV ZHUH SXW LQWR FULWLFDO SRLQW GULHU WR UHPRYH WKH SUHVHQFH RI DQ\ OLTXLG
LQVLGH WKHSRUHVDQG WKHQJROGFRDWHG WRREVHUYHXQGHU6FDQQLQJ(OHFWURQ0LFURVFRSH 6(07KH LPDJHVRI WKH
FUDFNVIRUPHGGXHWRLQGHQWDWLRQZHUHWDNHQLQWKHVHFRQGDU\HOHFWURQPRGH
 'HSWK6HQVLWLYH,QGHQWDWLRQ'6,WHVW
'6,SRSXODUO\WHUPHGDVQDQRLQGHQWDWLRQWHFKQLTXHDVGHVFULEHGE\2OLYHUDQG3KDUU JLYHVDLQGHQWDWLRQ
ORDG 3 YHUVXV GLVSODFHPHQW K FXUYH GXULQJ RQH IXOO F\FOH RI ORDGLQJ DQG XQORDGLQJZKLFK IXUWKHU JLYHV XV D
QXPEHURI LPSRUWDQWSDUDPHWHUV7KH LPSRUWDQWTXDQWLWLHVDUH WKHSHDN ORDG3PD[ WKHPD[LPXPGHSWKKPD[
WKHILQDORU UHVLGXDOGHSWKDIWHUXQORDGLQJKIHODVWLFZRUNDQG WRWDOZRUN7KHVORSHRI WKHXSSHUSRUWLRQRI WKH
XQORDGLQJ FXUYH 6   G3GK KDV WKH GLPHQVLRQV RI IRUFH SHU XQLW GLVWDQFH DQG LV NQRZQ DV WKH HODVWLF FRQWDFW
VWLIIQHVVRUPRUHVLPSO\WKHFRQWDFWVWLIIQHVV7KHSUHVHQWWHVWVZHUHFRQGXFWHG RQD)LVKHURVFRSH+)LVFKHU
*HUPDQ\IROORZLQJVWDQGDUGSURWRFRODQGYDOXHVIRUDERYHPHQWLRQHGSDUDPHWHUVZHUHREWDLQHG
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FDQLQGLFDWHRQVHWRIFUDFNIRUPDWLRQ
 5HVXOWVDQGGLVFXVVLRQV
7KH LQGHQWDWLRQ WHVWV ZHUH SHUIRUPHG ZLWK YDULDEOH SDUDPHWHUV DQG WKH UHVXOWV FDQ EH FODVVLILHG XQGHU WKH
IROORZLQJSRLQWV
 (IIHFWRIORDGRQKDUGQHVV
7KH KDUGQHVV YDOXHV ZHUH SORWWHG DJDLQVW WKH LQGHQWDWLRQ ORDGV WR REVHUYH DQ\ HIIHFW RI ORDG RQ WKLV
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)LJXUHD
VKRZVWKHKDUGQHVVYDOXHVLQORZHUORDGUDQJH7KH;D[LVLVLQD/RJVFDOHWRJHWEHWWHUFODULW\DVWKHORDGUDQJH
ZDVDYDVWRQH:KLOHSHUIRUPLQJWKLV'6,H[SHULPHQWDSURJUDPZDVVHOHFWHGZLWK[PDWUL[WKDWPDGHDVPDQ\
DVLQGHQWVDQGVXEVHTXHQWO\VDPH QXPEHURIORDGGHIRUPDWLRQFXUYHVZHUHREWDLQHG2XWRIWKHPDURXQG
VKRZHGHUUDWLFEHKDYLRUDWWKHORZHVWORDGLHP1)HZRIWKHLQGHQWVPLJKWKDYHIDOOHQRQKDYHUVLDQFDQDOVRU
RYHU VRPHVXEVXUIDFHSRUHVDQGFDXVH VXFK VFDWWHU:HGLVFDUGHG WKHHUUDWLFFXUYHVDQGFRQVLGHUHG WKHFXUYHVRI
VLPLODUSDWWHUQIRUPLQJDEDQGDVVKRZQLQILJXUH+RZHYHUDVWKHORDGZDVLQFUHDVHGWKLVSHUFHQWDJHRIHUUDWLF
EHKDYLRUGHFUHDVHG6WLOOZHFRQVLGHUHGRQO\WKHXQLIRUPFXUYHVVRDVWRREWDLQWKHORDGGHSHQGHQWUHVSRQVHIURP
VWUXFWXUDOO\ KRPRJHQHRXV UHJLRQ $ GHILQLWH WUHQG ZDV REVHUYHG +DUGQHVV ZDV DV KLJK DV *3D DW WKH
PLQLPXPORDGRIP17KHQWKHUHZDVDGUDVWLFGURSWLOO*3DDIWHUZKLFKWKHGHFUHDVHZDVOHVVLQSURSRUWLRQ
ZLWK LQFUHDVLQJ ORDG ,QFDVHRIFU\VWDOOLQHPDWHULDOV OLNHPHWDOV >3KDUUHW DO  +XDQJ HWDO @ VXFKD
WUHQGLVNQRZQDVLQGHQWDWLRQVL]HHIIHFW,QRXUVWXG\ZHILQGVXFKLQGHQWDWLRQVL]HHIIHFWGHVSLWHWKHIDFWWKDWERQH
LVDQDQRFRPSRVLWHPDWHULDOZLWKFROODJHQDVDEXONFRQVWLWXHQW%XWWKHPRVWLQWHUHVWLQJSDUWLVWKDWWKLVHIIHFWZDV
WUXHWLOONJIRIORDG$IWHUWKDWWKHWUHQGMXVWUHYHUVHGILJXUHEVLPLODUWRWKH ILQGLQJVLQDSUHYLRXVSDSHUE\<LQ
HWDO
)LJ5HODWLRQEHWZHHQ LQGHQWDWLRQKDUGQHVVDQGORDGLQDP1WR1DQGE1WR1
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)LJXUH/RDGGHIRUPDWLRQFXUYHGXULQJORDGLQJDQGXQORDGLQJREWDLQHGIURPQDQRLQGHQWDWLRQ
0DFURKDUGQHVVYDOXHVYDULHGIURP*3DWR*3D7KRXJKWKHH[WHQWRIYDULDWLRQZDV QRWDVKLJKDVLQ'6,
VWLOODQLQFUHDVHLQKDUGQHVVZLWKLQFUHDVLQJORDGFRXOGEHREVHUYHGDWKLJKHUORDGV$VORDGLQFUHDVHGWKHVL]HRIWKH
LPSUHVVLRQDOVRLQFUHDVHG$VDUHVXOWLQWHUDFWLRQVZLWKPRUHDQGPRUHIHDWXUHVVWUXFWXUDOKHWHURJHQHLWLHVOLNH SRUHV
LQWHUVWLWLDOUHJLRQODFXQDHRFFXUUHG'LDJRQDOVRILPSUHVVLRQVDWKLJKHUORDGV!.JIZHUHLQWKHUDQJHRI
PLFURQV FRPSDUDEOH WR WKDW RI RVWHRQDO GLPHQVLRQV 7KXV DV WKH LPSUHVVLRQ VL]H LQFUHDVHGPRUH DQGPRUH
LQWHUVWLWLDO]RQHVZHUH OLNHO\WRFRPHXQGHULPSUHVVLRQ7KLVFRXOGLQFUHDVHWKHKDUGQHVVYDOXHVDVLQWHUVWLWLDO]RQHV
KDG FRPSDUDWLYHO\ KLJKHUKDUGQHVV:KLOH QDQRLQGHQWDWLRQ LPSUHVVLRQVZHUHRIWHQ FRQILQHG WR IHZ ODPHOODRI DQ
LQGLYLGXDO RVWHRQ LQ PDFURLQGHQWDWLRQ LPSUHVVLRQV ZHUH RI WKH VDPH RUGHU RI DQ RVWHRQ 6XFK PDFURLQGHQWV
VKRZHGPRUHDJJUHJDWHEHKDYLRULQFRQWUDVWZLWKORFDOL]HGUHVSRQVHLQWKHGHSWKVHQVLWLYHLQGHQWDWLRQ
 +DUGQHVVLQODPHOODDQGLQWHUVWLWLDO]RQH
)LJXUH  VKRZV WKH LPSUHVVLRQ RI LQGHQWDWLRQV RYHU ODPHOOD DQG LQWHUVWLWLDO ]RQH DW NJI ORDG %RWK WKH
LPSUHVVLRQV VKRZHG VOLJKWO\ HORQJDWHG VKDSH RZLQJ WR VRPH SUREOHP RI SDUDOOHOLW\ RI WKH FRQFHUQHG VSHFLPHQ
)LJXUH  VKRZV KRZ WKH KDUGQHVV GLIIHUV LQ ODPHOODU DQG LQWHUVWLWLDO UHJLRQV DW ORDGV NJI DQG NJI $ FOHDU
GLIIHUHQFHZDV REVHUYHG EHWZHHQ WKH LQWHUVWLWLDO DQG WKH ODPHOODU UHJLRQ ,Q ODUJH QXPEHU RI VDPSOHV WDNHQ IURP
GLIIHUHQW SRUWLRQV RI WKH IHPRUDO VKDIW VXFK D UDQJH RI YDULDWLRQZDV REVHUYHG 7KH LQWHUVWLWLDO ]RQH FRQVLVWHQWO\
VKRZHGKLJKHUKDUGQHVVYDOXHVWKDQWKHODPHOODUUHJLRQ7KLVPLJKWEHDWWULEXWHGWRWKHKLJKHUPLQHUDOL]DWLRQRIWKH
H[WUDFHOOXODUPDWUL[1R LQGHQWDWLRQFUDFNVFRXOGEH LGHQWLILHGQHLWKHU LQFDVHRI ODPHOODQRU LQWHUVWLWLDO UHJLRQ$
GHWDLOHG VWXG\RI WKH FRQWRXURI IUDFWXUHG VXUIDFHXQGHU FRPSUHVVLYH ORDGLQJRI WKH VDPHPDWHULDO WKDW KDVEHHQ
FRPPXQLFDWHGHOVHZKHUH %LVZDVHWDO UHYHDOHGWKDWWKHLQWHUVWLWLDO]RQHVKRZHGFOHDYDJHW\SHRIIUDFWXUHLQ
FRQWUDVWZLWKILEURXVIUDFWXUHLQODPHOODU]RQH
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)LJ ,PSUHVVLRQVRI9LFNHU¶VLQGHQWHURYHUODPHOOD )LJ 9DULDWLRQRIKDUGQHVVLQGLIIHUHQWUHJLRQV
DQGLQWHUVWLWLDOUHJLRQDWNJIORDG
 (IIHFWRIRVWHRQDOGHQVLW\PDWXULW\RQKDUGQHVV
1HZ RVWHRQV GHYHORS IURP WKH LQQHU FRUH RI WKH FRUWLFDO WKLFNQHVV :KHQ QHZO\ IRUPHG WKH\ KDYH ODUJHU
GHIRUPHG+DYHUVLDQFDQDOVDQGIHZODPHOODVXUURXQGLQJLW$VWKHRVWHRQVPDWXUHWKH\WHQGWREHFRPHFLUFXODUDQG
DUH SXVKHG WRZDUGV WKH SHULSKHU\ JLYLQJ VSDFH WR IXUWKHU QHZHU RVWHRQV ,W ZDV REVHUYHG IURP RXU VWXG\ WKDW
RVWHRQDO GHQVLW\ ZDV PRUH LQ WKH LQQHU FRUH  RVWHRQVPP DQG GHFUHDVHG WRZDUGV WKH SHULSKHU\
RVWHRQVPP)LJXUH VKRZV WKHRVWHRQGLVWULEXWLRQQHDU WKH LQQHUFRUH ,QGHQWDWLRQVZHUHGRQHDORQJD OLQH
PRYLQJIURPLQQHUFRUHWRRXWHUSHULSKHU\ %XWQRYDULDWLRQLQKDUGQHVVFRXOGEHREVHUYHG7RUHODWHWKHPDWXULW\RU
GHQVLW\ RI RVWHRQV ZLWK KDUGQHVV LQ D FURVV VHFWLRQ ZDV IRXQG WR EH D GLIILFXOW SURSRVLWLRQ %XW FRQVLGHULQJ WKH
YDULDWLRQRI RVWHRQDO GHQVLW\ DORQJ WKH OHQJWKRI WKH IHPXU VKDIW DQ LQFUHDVLQJKDUGQHVV FRXOGEHREVHUYHG IURP
SUR[LPDO WRGLVWDOSDUWDVVKRZQ LQ ILJXUH2VWHRQDOGHQVLW\ZDV OHVV LQ WKHGLVWDOSDUW WKDQ LQ WKHSUR[LPDOSDUW
RVWHRQDOGHQVLW\LQWKHGLVWDOSDUWZDVRVWHRQVPP DQGLQWKHSUR[LPDOSDUWZDVRVWHRQVPP$VDUHVXOW
LQWHUVWLWLDO ]RQH RU WKHPLQHUDOL]HG SKDVH ZDV SUHGRPLQDQWO\ SUHVHQW RFFXS\LQJ FRPSDUDWLYHO\ ODUJHU DUHD LQ WKH
GLVWDOSDUW7KHKLJKHUKDUGQHVVYDOXHVLQWKHGLVWDOSDUWFRXOGEHDWWULEXWHGWRWKLV
)LJ 2VWHRQDOGLVWULEXWLRQLQDFURVVVHFWLRQ )LJ +DUGQHVVYDOXHVDORQJWKHVKDIWRIIHPXU
RIFRUWLFDOERQHQHDUWKHLQQHUFRUH
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 9LVFRHODVWLFQDWXUHRIFRUWLFDOERQH
$VERQHLVDFRPSRVLWHFRQWDLQLQJWKHELRSRO\PHUFROODJHQDVDPDMRUFRQVWLWXHQWLWVKRZVYLVFRHODVWLFLW\7KH
DJJUHJDWH YLVFRHODVWLF EHKDYLRU RI ERQH KDG EHHQ ZLGHO\ UHSRUWHG E\ 3DUN  DQG YDULRXV PRGHOV KDG EHHQ
SURSRVHG%XWORFDOOHYHOYLVFRHODVWLFLW\LV\HWWREHH[SORUHGLQGHWDLOV,QWKHSUHVHQWZRUNLWZDVWULHGWKURXJKWKH
LQGHQWDWLRQVWXG\7KHGLDJRQDOVRIWKHLQGHQWDWLRQLPSUHVVLRQZHUHPHDVXUHGLPPHGLDWHO\DIWHUWKHLQGHQWDWLRQZDV
GRQH+DUGQHVVZDVFDOFXODWHGIURPWKHGLDJRQDOVIROORZLQJXVXDOSURFHGXUH7KHVDPHLPSUHVVLRQZKHQPHDVXUHG
RQFHDJDLQDIWHUPLQXWHVVKRZHGVOLJKWUHFRYHU\7KHOHQJWKRIERWKWKHGLDJRQDOVGHFUHDVHG7KXVZLWKRXWDQ\
FKDQJHLQVKDSHRIWKHLPSUHVVLRQWKHUHZDVDXQLIRUPFRQWUDFWLRQRIWKHGHIRUPHGUHJLRQZLWKLQWKLVPLQXWHV
7KHFRQWUDFWLRQZDVIRXQGWRUHPDLQXQDOWHUHGZKHQPHDVXUHGDIWHUPLQXWHV7KHORDGVDSSOLHGZHUHNJIDQG
NJILQERWKORQJLWXGLQDODQGWUDQVYHUVHGLUHFWLRQ
7DEOH /HQJWKRIGLDJRQDOVRILQGHQWDWLRQLPSUHVVLRQV
/DPHOODUHJLRQ ,QWHUVWLWLDOUHJLRQ
LQLWLDOOHQJWKXP ILQDOOHQJWKXP LQLWLDOOHQJWKXP ILQDOOHQJWKXP
NJI GLDJRQDO    
GLDJRQDO    
NJI GLDJRQDO    
GLDJRQDO    
7DEOHVKRZVWKHDYHUDJHYDOXHVRIWKHGLDJRQDOVXQGHUHDFKORDGDQGLQVHSDUDWHUHJLRQVZKHUHIURPSHUFHQWDJH
UHFRYHU\ LQ HDFK FDVHZDV FDOFXODWHG$WERWK WKH ORDGV LQ ORQJLWXGLQDO GLUHFWLRQ ODPHOODU UHJLRQ VKRZHGJUHDWHU
UHFRYHU\ WKDQWKDWRILQWHUVWLWLDOUHJLRQ$DYHUDJHUHFRYHU\RIDWNJIDQGDWNJIFRXOG
EHREVHUYHGRQODPHOODZKHUHDVLQWHUVWLWLDO]RQHVKRZHGRQO\DURXQGUHFRYHU\%XWLQFDVHRIWUDQVYHUVH
GLUHFWLRQ WKH UHFRYHU\ ZDV DURXQG  LQ DYHUDJH LQ ERWK WKH ORDGV ZLWK D VWDQGDUG GHYLDWLRQ RI  ,Q
WUDQVYHUVHGLUHFWLRQLWZDVQRWSRVVLEOHWRFRQFHQWUDWHRQODPHOODDQGLQWHUVWLWLDOUHJLRQVHSDUDWHO\6RWKHHIIHFWZDV
VXEVWDQWLDOO\GLIIHUHQWIURPWKDWRIORQJLWXGLQDOVHFWLRQDQGLWUHYHDOHGDQDJJUHJDWHUHVSRQVHRIERQH,WLVHYLGHQW
IURPWKHUHVXOWVWKDWFROODJHQOD\HUVLQWKHIRUPRIODPHOODFRQWULEXWHPRVWO\WRWKHYLVFRHODVWLFQDWXUHRIERQHEXWLW
UHTXLUHVDGHWDLOHGDQDO\VLVWRFRUUHODWHLWTXDQWLWDWLYHO\ZLWKWKHDJJUHJDWH YLVFRHODVWLFEHKDYLRURIKXPDQERQH
 &UDFNVDVVRFLDWHGZLWKLQGHQWDWLRQ
,WLVDFRPPRQSUDFWLFHWRILQGRXWIUDFWXUHWRXJKQHVVRIPDWHULDOVIURPLQGHQWDWLRQFUDFNV+RZHYHULQFDVH
RIERQHPRVWRIWKHVWXGLHVUHSRUWHGVRIDU UHVRUWHGWRVWDQGDUGWHQVLOHWHVWVXVLQJFRPSDFWWHQVLRQVSHFLPHQ,QRXU
)LJXUH&UDFNVIURPWKHGLDJRQDOWLSSDUDOOHOWRWKHODPHOODLQWUDQVYHUVHGLUHFWLRQ
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FDVHZHLQFUHDVHGWKHLQGHQWDWLRQORDGXSWRNJIDQGFRXOGQRWILQGW\SLFDOLQGHQWDWLRQFUDFNLQWKHFURVVVHFWLRQ RI
ERQH+RZHYHU LQ WUDQVYHUVH VHFWLRQ LQ IHZFDVHV LQGHQWDWLRQFUDFNFRXOGEHREVHUYHG)LJXUHVKRZVD W\SLFDO
LQGHQWDWLRQ RQ WUDQVYHUVH VLGHZLWK FUDFNV IURP FRUQHUV 7KH ILJXUH FOHDUO\ GHSLFWV WKDW FUDFNVZHUH QRW IURP DOO
FRUQHUV DQG DOVR WKHLU GLPHQVLRQZHUH QRW VDPH7KH FUDFNZDV ELJJHU LQ WKH GLUHFWLRQ SDUDOOHO WR WKH ODPHOOD LQ
FRPSDULVRQ ZLWK WKH SHUSHQGLFXODU GLUHFWLRQ ,W VKRZV WKH SURSDJDWLRQ RI LQGHQWDWLRQ FUDFN DORQJ WKH ODPHOODU
LQWHUIDFHZDVHDVLHUZKLOHSURSDJDWLRQDFURVVODPHOODZDVIRXQGWREHFRPSDUDWLYHO\GLIILFXOW7KHFROODJHQODPHOOD
RIIHUHGKLJKHUUHVLVWDQFHWRFUDFNV WHQGLQJWRFXW LWDFURVV7RGHWHUPLQHZKHWKHUWKHVHFUDFNVZHUHUDGLDOPHGLDQ
FUDFNVRUVRPHWKLQJHOVHWKHVXEVXUIDFHSURILOHZDVVWXGLHGZKLFKLVGLVFXVVHGLQWKHODWHUSDUWRIWKLVSDSHU
,QFDVHRILQGHQWDWLRQRQORQJLWXGLQDOFURVVVHFWLRQVFUDFNVGLGQRWDSSHDUDWDOODWORZHUORDGV.JIKRZHYHU
DW KLJKHU ORDG  NJI LQGHQWDWLRQV FUDFNV ZHUH REVHUYHG LQ IHZ FDVHV 8QOLNH DQ\ RWKHU FRPPRQO\ NQRZQ
PDWHULDOFUDFNVZHUHVHHQWRGHYHORSZLWKLQWKHLPSUHVVLRQRIWKHLQGHQWDORQJWKHGLDJRQDOVILJXUH,QIHZFDVHV
FUDFNVZHUHQRWFRQWLQXRXVGXHWRORVLQJHQHUJ\ZKLOHHQFRXQWHULQJORFDOSRUHVOLNHODFXQDHRUFDQDOLFXOLRUGXHWR
FUDFNEULGJLQJE\ODPHOOD)HZWLQ\PLFURFUDFNVSDUDOOHODQGFORVHWRWKHGLDJRQDOVDOVRIRUPHG,WPD\EHKLJKHU
VWUHVV FRQFHQWUDWLRQ DORQJ WKH GLDJRQDOV WKDW FDXVHG VXFK FUDFNLQJ EXW VXUSULVLQJO\ QR FUDFNZDV IRXQG WR JURZ
RXWZDUGVIURPWKH LQGHQWDWLRQFRUQHUVZKHUH WKHRUHWLFDOO\ VWUHVVFRQFHQWUDWLRQZDVPD[LPXP$OWKRXJK WKHH[DFW
UHDVRQ EHKLQG WKLV W\SLFDOLW\ LQ FUDFN SURILOH ZDV QRW FOHDUO\ XQGHUVWRRG LW PLJKW EH WKH HIIHFW RI DQLVRWURS\ LQ
UHVLVWDQFHWRWUDQVODPHOODUFUDFNLQJ )UDFWXUHWRXJKQHVVFDOFXODWHGLQSUHYLRXVVWXGLHVE\1DOODHWDO ZDV
EHWZHHQ03D¥P7KRXJKWKHVHYDOXHVLQERQHVXJJHVWLWWREHDEULWWOHPDWHULDOFUDFNVEHORZDQLQGHQWDWLRQGLG
QRWKDYHDQ\UHJXODUSDWWHUQRUJHRPHWU\OLNHUDGLDOPHGLDQHWF
)LJXUH,PSUHVVLRQRILQGHQWDWLRQ LQORQJLWXGLQDOVHFWLRQD	E&UDFNVDORQJDVZHOODVSDUDOOHOWRWKHGLDJRQDOVF&UDFNVIURPWKH
GLDJRQDOVRILQGHQWHUIURPSUHYLRXVVWXGLHV>@G7\SLFDOVFKHPDWLFGLDJUDPRIWKHFUDFNVREWDLQHGGXULQJLQGHQWDWLRQLQ ERQH
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 3ODVWLFLW\SDUDPHWHURIFRUWLFDOERQH
3ODVWLFLW\SDUDPHWHUDUDWLRRIKI DQGKPD[ LQGHSWKVHQVLWLYHLQGHQWDWLRQLVDPHDVXUHRIWKHFKDQFHRILQGHQWDWLRQ
SLOHXSVXUURXQGLQJWKHLQGHQWDWLRQLPSUHVVLRQ,WLVDQLQGH[RIORFDOL]HGSODVWLFEHKDYLRURIWKHPDWHULDO$KLJKHU
YDOXHRIWKLVUDWLRGHQRWHVOHVVDPRXQWRIHODVWLFUHFRYHU\LHLQFUHDVHGORFDOSODVWLFLW\)URPWKHKI DQGKPD[ YDOXHV
REWDLQHGSODVWLFLW\SDUDPHWHUZDVFDOFXODWHGILJXUH $OO WKHYDOXHVZHUHEHORZWKH WKUHVKROGYDOXH IRU
LQGHQWDWLRQSLOHXSSKHQRPHQRQ7KRXJKEHORZWKHYDOXHVREWDLQHGIRUERQHZHUHTXLWHQHDUWKHFULWLFDOYDOXH
,W GHQRWHV WKDW DV IDU DV ORFDO OHYHO SODVWLFLW\ LV FRQFHUQHG FRUWLFDO ERQH GXH WR LWV LQKHUHQW FRPSRVLWH VWUXFWXUH
EHKDYHVLQDW\SLFDOPDQQHUQHLWKHUWRRVRIWOLNHFROODJHQQRUWRRKDUGOLNHWKHPLQHUDOL]HGSKRVSKDWH
7KH LQGLYLGXDOFXUYHVREWDLQHGIURPGHSWKVHQVLWLYH LQGHQWDWLRQ LQDOO WKH ORDGVZHUHVWXGLHG LQGHWDLOV IRUDQ\
PDMRUIHDWXUHVRIµSRSLQ¶RUµSRS±RXW¶(DFKFXUYHZDVGLYLGHGLQWRQXPEHURI VPDOO]RQHVDQGHQODUJHGZLWKWKH
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